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ESTABLISHED 1BOD

E. I. ou PonT bE NEMOURs & COMPANY

INCORPORATED

WILMINGTON, DELAWARE 19898

1

LEGAL DEPARTMENT January 17, 1984

Mr. Martin Greif

Executive Secretary

TSCA Interagency Testing Committee
U.S. Environmental Protection Agency
401 M Street, S.W. ’

Washington, DC 20460

Dear Mr. Greif:
Du Pont Comments

ITC 5th Scoring Exercise
48 FR 51519 (1983)

On behalf of E. I. du Pont de Nemours and Company
(Du Pont), I am pleased to submit comments on the ITC 5th
Scoring Exercise for the chemical substance: bromctrifluoro-
methane (CAS 75-63-8). 1In addition, Du Pont notes that it
ceased manufacture of the following chemicals by 1980:
N,N-Dimethylcyclohexylamine (CAS 98-94-2) ’
1,1'-Methylenebis (4~isocyanotobenzene) (CAS 101-68-8)
2,6-Di-tert-butylphenol (CAS 128-39-2)
1,8-Dihydroxy-4,5-dinitroanthraquinone (CAS 81-55-0)
Anthragquinone (CAS 84-65-1)
Anthraguinone, l-amino-2-bromo-4-hydroxy (CAS 116-82-5)

Finally, Du Pont will submit additional comments on several
other chemical candidates selected by the ITC. See K. D.
Dastur to M. Greif, 1/13/84 (attached).

Should the Committee have questions or desire further
assistance with this Du Pont submission, please contact me at
302-774-6443.

Very tfaly YOurs,

Wl —

Mark H. Christman

MHC : mdm -
Attachments




BROMOTRIFLUOROMETHANE

(CAS No. 75-63-9)

1

INITIAL DISCUSSION

The Du Pont Company provides the enclosed information
and comments concerning the listing of bromotrifluoromethane in
the 1983 List of Chemicals Selected for Review by the TSCA
Interagency Testing Committee. Du Pont has been a producer of
bromotrifluoromethane since the early 1940's and has been a
leader in developing the toxicological and technical data upon
which current uses of the compound are based.

Du Pont recommends that bromotrifluoromethane be deleted
from the 1983 List of Chemicals Selected for Review. The basis
for our recommendation is that the compound exhibits an extremely
low order of toxicity, that occupational exposure is infrequent
and is limited to a small number of people and that occupational
exposures, other than in fire extinguishant use, are low compared
with accepted long-term exposure standards such as the TLV.

Although concentrations exceeding the TLV are encoun-
tered in fire extinguishant use, exposure is, in such cases, for
a short period of time while the fire is extinguished and occu-.
pants are evacuated. The exposure levels are, as a result of
system engineering design, kept at or below levels recommended by
the National Fire Protection Association for short-term exposure.
Fire extinguishant releases expose a very small number of people
annually to bromotrifluoromethane who would otherwise be at a
much more severe risk from the fire or from the need to evacuate
during the fire episode before alternative vapor systems (such as
carbon dioxide) could be actuated. Consideration of a few uses
(See Applications section in Attachment 3) immediately indicates
that the life and property protection value of such systems is
very large.




To support our recommendation we have provided infor-
mation in the Technical Data section on the seven topics listed

in the subject Federal Register Notice, based on our estimates of

the total use of bromotrifluoromethane in the U.S. We believe
such information is of greater value to the Committee than limit-
ing our comments to Du Pont's sales of bromotrifluoromethane,
which would require us to designate these comments as "Confiden-
tial Business Information."™ We would be pleased to provide ITC
with any further information, descriptions, or references that
the Committee may need and which are available to us.

Virtually all bromotrifluoromethane utilized in the U.S.
is used for fire extinguishing purposes in enclosed, occupied
areas and/or where high value equipment is installed. Carefully
engineered total flooding systems permit automatic release of the
agent as soon as a fire is detected. The extreme efficiency of
this compound as a fire extinguishant, combined with its
extremely low toxicity, permits rapid fire extinguishing action
(ten seconds or less) without mandatory evacuation of occupants
prior to extinguishant release. Maximum protection of the'
occupants from fire and minimal property damage is achieved
simultaneously by use of this unique compound. Bromotrifluoro-
methane is also used to a much lesser extent in portable fire
extinguishers,

When utilized as a fire extinguishant, exposure concen-
trations of 7 percent for up to 15 minutes have been shown to be
safe, permitting the fire to be extinguished immediately and a
subsequent orderly evacuation of the area. If personnel cannot
be evacuated prior to agent discharge, the prompt extinguishment
of the fire insures that people are evacuated in the absence of
smoke and other toxic combustion products.




A small amount (one percent or less of total U.S. use)
of bromotrifluoromethane is used as a special refrigerant, for
example, in reciprocating units designed to produce medium-low
temperatures ranging down to -70°F or lower with one or two
stages of compres;ion.

Except when released as a fire extinguishant, emissions
are carefully minimized and exposure concentrations are typically
well below the 1000 ppm TLV for 8-hour/day, 40-hour/week expo-
sure. The very limited use of bromotrifluoromethane as a refrig-
erant insures that a minimal number of workers are exposed.
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PART 1

SYNONYMS AND TRADEMARK INFORMATION FOR BROMOTRIFLUOROMETHANE

Bromotrifluoromethane (CBrF,), when utilized as a fire
extinguishant is named HALON 1301. The name Halon is not a
trademark and does not indicate the producer. Bromotrifluoro-
methane, when utilized as a refrigerant is known as refrigerant
13Bl1 (or R-13Bl). The refrigerant is generally sold under the
producer's trademark, e.g., Du Pont sells Freon® 13bl '
refrigerant.

Freon® 13Bl refrigerant is not, therefore, a generic
synonym for bromotrifluoromethane.

Additionally, the compound may generically be referred
to as fluorocarbon 13B1 (FC-13B1l or F-13Bl).

PART Il -

INFORMATION CATEGORIES REQUESTED IN 48 FEDERAL REGISTER 51519

l. Technical Bulletins

1.1 Bromotrifluoromethane Fire Extinguishant (Halon 1301)

NFPA 12A: Halon 1301 Fire Extinguishing Systems

This booklet, prepared by the Technical Committee on
Halogenated Fire Extinguishing Systems of the National Fire
Protection Association, Inc., defines standards for the design,
installation, maintenance, and operation of Halon 1301 fire




extinguishing systems. It is the basis on which such systems are
designed and operated in the U.S. (Attachment 1).

G-1: Freon® Flugrocarbons, Properties and Applications

This is a general bulletin on the Freon® fluorocarbons
including bromotrifluoromethane. The bulletin discusses safety,
physical and chemical properties, applications, and other
information (Attachment 2).

B-29E: Du Pont Halon 1301 Fire Extinguishant (Technical Bulletin)

This bulletin presents technical details on applica-
tions, mode of fire extinguishing action, toxicological
properties, safety, and container information (Attachment 3).

E-43977: Du Pont Halon 1301 Fire Extinguishant

The bulletin discusses the chemical mechanism by which
Halon 1301 extinguishes fires, as well as its safety, efféﬁtive-
ness, toxicology, and system design factors. This bulletin is
similar in coverage to Bulletin 29-E (above) but less technical
(Attachment 4).

l.2 Bromotrifluoromethane Refrigerant (Refrigerant 13Bl)

G-1l: Freon® Fluorocarbons, Properties and Applications
(See paragraph 1.1 under fire extinguishant use).
T-13Bl: Thermodynamic Properties of Freon® 13B1 Refrigerant
The bulletin provides detailed thermodynamic data and

physical properties for the design of refrigeration equipment
utilizing Freon® 13Bl1 (Attachment 5).




2. Material Safety Data Sheets

Two MSDS are provided: Attachment 6 is the MSDS for
Halon 1301 Fire Extinguishant, Attachment 7 is the MSDS for
Freon® 13Bl refr{gerant. The contents of the two MSDS are
essentially identical.

3. Current Annual Production Data and Trends

For the reasons given in the initial discussion, we have
provided Du Pont's estimates of total bromotrifluoromethane use
in the U.S. rather than specific Du Pont sales figures for
bromotrifluoromethane.

There are two companies producing bromotrifluoromethane
in the U.S.: Du Pont and Great Lakes Chemical Corporation.
Additionally, material is imported into the U.S. from Japan,
Germany, and France. We expect Korea and the U.K. to start
importing in 1984. The current total market in the U.S. is about
7 million pounds annually, and is growing annually at an average
rate of about 9 percent. This includes material for both fire
extinguishant and refrigerant use (See Section 5 for use
distribution).

4. Number of Workers Exposed, Concentrations, Controls, Use of
Open Versus Closed Systems, Etc.

4.1 Fire Extinguishant - Production, Shipment, and Storage

Bromotrifluoromethane is manufactured in a closed
system, shipped in compressed gas cylinders, and sold in high
pressure storage containers. Product transfers and handling
operations are carefully controlled to minimize losses. Since
even a small leak would ultimately empty a cylinder or render a
fire protection system inoperative, maintenance programs are
designed to keep leaks to an absolute minimum.




Due to the high cost of Halon 1301 (S6 to $10 per pound
for the end-user), a strong economic incentive exists to prevent

leakage, apart from the maintenance of effective fire protection.

4.2 Fire Extinguishant - End Use {(discharge) -

We estimate about 700,000 pounds per year are discharged
in the U.S. This is for all purposes - accidental discharges,
tests, and actual fire extinguishments. The number of individu-
als exposed during these discharges is estimated to be less than
100.

Salesmen demonstrating the product (100 to 200 sales-
people) may discharge Halon 1301 to produce a 5 percent con-
centration into a manned demonstration "booth" to demonstrate the
rapid fire extinguishing properties and the safety of bromotri-
fluoromethane. The number of times per year per salesperson is
impossible to estimate with confidence. Based on our experience
we would guess 4 to 6 exposures per salesman per year.

4.3 Refrigerant Use

Production, shipment, and storage are essentially
identical to the use as Halon 1301 Fire Extinguishant (See
section 4.1 above). The quantities used as a refrigerant are
small (See section 5).

FC-13B1l refrigerant is used in sealed equipment designed
for use with the specific refrigerant. Equipment operation is
entirely dependent on maintaining the refrigerant charge in a
sealed system. Venting of refrigerant during maintenance is
infrequent and is kept to a practical minimum and field service
procedures require any venting to be to the outside.




4.4 Open Versus Closed Systems

Due to the low boiling point of FC-13Bl (-72°F), all
uses of FC-13B1 (Halon 1301) are in closed systems.

)

4.5 .Concentrations

With the exception of actual fire events or accidental
release of Halon 1301 into occupied spaces, or for demonstration
of the safety and effectiveness of Halon 1301, worker exposures
are typically very low, well below the ACGIH Threshold Limit
Value of 1000 ppm (6100 mg/m’). In Attachment 8, page 33,
FC-13B1 (Halon 1301) is listed as "trifluorobromomethane”.

Fire extinguishant uses can result in brief exposures
(less than 15 minutes) to concentrations in the range 5-7 per-
cent. Tests on human volunteers have indicated such exposures
are safe and can produce, in the most susceptible subjects,
effects indicating the onset of mild anesthesia. The effects are
sufficiently minor that subjects remain fully capable of exiting
the fire location in an orderly and safe fashion without assis-
tance. All the minor effects are transient and disappear rapidly
and within about an hour. The chemical is rapidly eliminated
from the body in expired air.
5. Use Data

5.1 Use Breakdown

Percent of

*
Use Breakdown U.S. Use, Lb/Yr Total
Refrigerant < 100,000 ~ ]
Fire Extinguishant 7,000,000 99
Total 7,100,000 100

*Du Pont Company estimates.




5.2 Use Descriptions

FC-13B1 is used as a low temperature refrigerant. This
use is extremely.small (less than 100,000 1bs).

A small proportion of Halon 1301 is used for portable
fire extinguishers, most of which are used in military
applications.

The balance is used in fixed extinguishing systems
(total flooding systems) to protect high value areas, critical
equipment or irreplaceable objects where other extinguishants
cannot be used. Examples are computer rooms, U.S. Navy ships,
F-14 fighter plane fuel tanks, museums, and telephone exchanges
(See Attachment 3 for more detail).

Since the product extinguishes fire so quickly (less
than 10 seconds) and is “people-compatible"” at fire extinguishing
concentrations, it can be used in areas where other extinguish-
ants (e.g., CO,) would be fatal or could potentially cause as
much damage (e.g., water) as the fire itself.

6. Environmental Impact Data

6.1 Waste Control

For economic reasons (for the end-user, bromotrifluoro-
methane costs $6 - $10 per pound) wastage is carefully minimized
during manufacture, shipment, storage, and use as a refrigerant.
Use as a fire extinguishant involves discharge to the fire
location, followed by venting of the extinguishant and any
combustion products.

-10-




6.2 Pollution Potential and Ecotoxicity

Ambient concentrations of bromotrifluoromethane are
extremely low (~] x 10712 or 3 part per trillion’) and many
orders of magnitude below levels at which adverse ‘health effects
are found. The inertness of bromotrifluoromethane results in no
significant degradation in the troposphere and thus the com-
pound is of negligible photochemical reactivity. Due to the
compound's low solubility in water (300 mg/l at 25°C and 1 atm.
vapor pressure, corresponding to an equilibrium water concen-
tration of 0.3 pg/l at a 1 ppt atmospheric concentration), no
significant removal in rainfall occurs. No significant tropo-
spheric removal processes for the compound are known. For
instance, by analogy with compounds of similar chemical inert-
ness, the reaction rate with hydroxyl radical (the primary
tropospheric scavenging reaction for such compounds) is estimated
to be <1 x 10'16 cm3 molecule_ls-l, suggesting a tropospheric
half life >75 years.

6.3 Fraction Released to the Environment and Route 6f

Environmental Entry

There are no significant destruction processes for
bromotrifluoromethane in its use and thus essentially all
material is eventually released. Most releases occur as fire
extinguishant releases. The material may be stored for many
years before release, and release rates are currently much less
than production rates for this reason. Due to the low boiling
point (=72°F) and high vapor pressure, all releases to the
environment occur as vapor releases to the atmosphere. The gas
is essentially insoluble in water and does not contaminate
rainfall.

*

Reference: Table 1-2 in "The Stratosphere 198l: Theory and
Measurements”. World Meteorological Organization/National
Aeronautics and Space Administration, January 1982,
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6.4 Environmental Reactions

The only known removal process for bromotrifluoromethane
is photochemical degradation in the stratosphere. Although
stratospheric brbomine is expected, on the basis of computer
calculatidns, to enter into reactions with stratoépheric ozone,
the amount of bromine involved and its effect on stratospheric
ozone are insignificant opposite the various calculated effects
from chlorine, nitrogen oxides, nitrous oxide, carbon dioxide,

and methane.*

7. Toxicological Data

Bromotrifluoromethane is an inert, nonflammable gas of
extremely low toxicity. The LCSO for rats, 4-hour exposure, is
approximately 800,000 ppm. The National Fire Protection Associa-
tion recommends that human exposure to the compound, when used as
a fire extinguishant, should be limited to 15 percent (150,000
ppm) and exposure times be controlled as shown (data from
Attachment 1, page 12A-50). .

* &
7% or less (70,000 ppm) 15 minutes
7-10% (70,000-100,000 ppm) 1 minute
10-15% (100,000-150,000 ppm) 30 seconds

No evidence of carcinogenic, mutagenic or teratogenic
potential for bromotrifluoromethane has been found in tests.

*
For instance, see "Protection Against Depletion of Strato-

spheric Ozone by Chlorofluorocarbons” PP. 195-6. Committee on
Alternatives for the Reduction of Chlorofluorocarbon Emissions,

NAS, Washington, D.C., 1979. Calculations of future ozone
depletion have been substantially reduced since 1979,

* %
Normal design criteria for total flooding systems to extinguish

most combustible materials - See Attachments 3 and 4).
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The published and unpublished toxicological literature
on bromotrifluoromethane has been reviewed and listed in our
"Haskell Laboratory Toxicity Review: Halon 1301" (Attachment 9)
which contains 55 references. We can provide copies of any
availablesreference needed by the Toxic Substances Control Act
Interagency Testing Committee upon regquest.

-13-
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“FREON” FLUOROCARBONS Attachment 2
Properties and Applications

TABLE OF CONTENTS

L. Table of “Freon” Compounds.................. 2

IL Safety. ......oovuueneenannnnn... S 2

A. Flammability
B. Toxicity
i. Relative Toxicity and the TLV
ii. Dermal
iii. Oral
iv. CNS Effects
v. Cardiac Sensitization
C. Thermal Decomposition
( D. Major Spills and Vapor Releases .

III. Physical and Chemical Properties................ 4

A. Physical Properties*
B. Chemical Properties
i. Thermal Stability
ii. Reactions with Other Materials
a Air
b. Water (Hydrolysis)
c. Lubricating Oils (Hydrocarbons)
d. Metals |
e. Plastics
f. Elastomers
C. Solubility Properties

IV. Applications ........... 0ottt iinnnnnn. 8
V. Pressure Temperature Relationships. ............. 10
VI. Miscellaneous................coiviiinnnn.... 11
VII. References . .. .....civ it ininiiieiennnnnnns 11

*see also Table VII, p. 9
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*Reg. U.S. Pat. Off. for Du Pont's fluarocarbon products. Better thinas for bettsr living . . throuah chemistrv
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Attachment 5

THERMODYNAMIC PROPERTIES
OF

FREON-13B1° REFRIGERANT
REFRIGERANT

{BROMOTRIFLUOROMETHANE)

BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY

COPYRIGHT 1963
£. L du Pont de Nemours & Co. (inc.), Wiimington, Deloware 19898

Not to be reprinted in whole or in part without permission of the copyright owner.

“FREON" PRODUCTS DIVISION
ORGANIC CHEMICALS DEPARTMENT

E. . DU PONT DE NEMOURS & COMPANY (INC.)
WILMINGTON, DELAWARE 19898

¢

“FREON AND COMBINATIONS OF FREON— OR F— WITH NUMERALS ARE DU PONT'S REGISTERED TRADEMARKS FOR (1S FLUORINATED HYDROCARBONS




Occupational Safety & Health Administration

MATERIAL SAFETY DATA SHEET  csecheens
‘ SECTION |

MANUSACTUAIR'S Wam] CMERGINCY THLEPHONE WO,

iftﬂ&%&xggﬁoﬁﬁsﬁg}%ﬁ&gd.mwpmy e I -{302) _274-1000

reon~ Products Divis1on_L_y__1_lr_ql_.g&t_pp,_ch_aw_@x_-_g 19898

CHIMICAL NAME AND SYNONYMS THADE MAME AND SYNONTMS

| ane _— Halon 130] Fire Extinguishant
CriMiCaL famiLy fOuMULA
Halogenated Hydrocarbon CBrF.,
o
SECTION 1} HAZARDOUS INGREDIENTS
PAINTS, PRESERVATIVES, & SOLVENTS . (J:;,‘:, ALLOVS AND METALLIC COATINGS s 'J.‘:.,
PICMENTS - SASE METAL -
CataLvgy ALLOYS
vEnicLe MLTALLIC COATINGS
AR -
$OLVviNTS FRLLEA ML TAL
. - PLUS COALING OR CORE Fium
ADDITIVES - OtTHe RS
otmias
MAZARDOUS MIXTURES OF OTHER LIQUIDS, 30LIDS, OR GASES s (J,f:.',,

SECTION Il PHYSICAL DATA
=71,95 | Prehic o0y 22°F g/1 11.538

SOILING POINT £4,)

VAT TSR et . 22°F 12,152 | svvorvme 100
vATOROIMIMY %" at B.P. g/1 | 8.71 | ivatoronman Rapid

SOLUBILITY i wATEA

at 77°F - wt, %21 0.03 '
APPLARANC( AND OOON Colorless liquid - slipght ethereal odor

SECTION IV FIRE AND EXPLOSION HAZARD DATA

FLALIH POINT (M i @ word) -[ TLAMMAW G LIS

—— e —Nonflapmable _ ...}, .. ._......-l

[ TEatiNGUISHING MDA

tob Vet

SPICIAL St 1IGHTING PROCIDUALS

UNUSLAY 18] AND LAFLOSI0N HAZANDS

NOTICE FROM DU PONT

The duta in this Material Safcty Data Shee ! relates on' n specilic material design:ted herein and does not
rclate 1o LSO in combination with any o'V 1 iaten.e Wi 0SS,




U.S. DEPARTMENT OF LABOR
Occupational Safety & Health Administration

- - L ~ -

MANUFACTURER'S NAME EMERGENCY TELEPHONE NO.

. y (302) 774- 2421
A?DﬂESS (.‘bnbcl, Stree:, Cuy, State, and ZJ/P Code) . . -

reon~ Products Division, Wilmington, Delaware 19898
CHEM.CAL NAME AND SYNONYMS TRADE NAME AND SYNONYMS
Bromotrifluoromethane Freon® 13B1; Halon 1301
CHEMICAL FAMILY FORMULA
Halogenated Hydrocarbon CBrF.,
-
SECTION 1| HAZARDOUS INGREDIENTS
v
PAINTS, PRESERVATIVES, & SOLVENTS | % | TLY ALLOYS AND METALLIC COATINGS L I
PIGMENTS - DASE METAL -
CATALYST ALLOYS .
VERICLE METALLIC COATINGS -
SOLVENTS FILLER METAL
- PLUS COATING OR CORE FLUX -
ADDITIVES - OTHERS -
OTHERS
HAZARDOUS MIXTURES OF OTMER LIQUIDS, SOLIDS, OR GASES A x| wsy,

SECTION 1l PHYSICAL DATA

BOILING POINT PF.) =73 Q5 | SPEC'FIC GRavITY (n;0° "at 77°F g/l 11,538
VAPOR PRESSURE (mwm Hg.1 at 77°F 12,152 :s‘sgt‘;:eo';:r"“ 100
VAPORDENSITY amEN B b /1 8.71 7vuou'no~ “:T,E, Rapid
SOLUBILITY IN WATER 7°F = wt., % 0.03

APPEARANCE AND ODOR

Colorless liquid - slight ethereal odor

SECTION IV FIRE AND EXPLOSION HAZARD DATA

FLASKH POINT (Meihog veed) FLAMMARBLE LIMITS Le} Ve!

Nonflammable
EXTINGUISHING MEDIA

SPECIAL FIRE FIGHTING PROCEDURES

UNUSUAL FIRE AND EXPLOSION HAZARDS

NOTICE FROM DU PONT

The data in this Material Safety Data Sheet relates only to the specific material designated herein and does not
relate to use in combination with any other material or in any process.
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Attachment v

TOXICITY REVIEW

HALON 1301

R L, o T

VAT Sa—




£5-3607

LT TC Lo

HASKELL LABORATORY

LY

LIMITED DISTRIBUTION

This review reflects the available toxicity
‘literature, both published and unpublished. Studies
have not been evaluated for scientific merit. Contact
Haskell Laboratory if you have questions.

Common Name: Halon 1301
Chemical Name: Methane, bromotrifluoro-

Synonyms: Freon® 13Bl, FC-13Bl
C%S Reglsgry NOo.: 75=63-8
Chemical Structure:

1
F—-?H-Br
F

thsical and Chemical Proggrties:

Description: Colorless gas

Molecular Weight: 148.9

Boiling Point: =57.8°C @ 760 mm Hg
Melting Point: -168°C

Density/Specific Gravity: 1.57 g/cc (liquid at 70°P)
Vapor Pressure: 56.5 psig @ 0°F ,

199 psig @ 70°p

300 psig @ 100°F
FPlash Point/Flammability: Nonflammablc
Solubility: 300 ppm in water @ 77°F
Conversion Factors: l mg/L - 164 PpPm4

1l ppm = 6.1 mg/m

Exggsure Standards:

TLV® = 1000 ppm; STEL = 1200 ppm (1l).
OSHA 8-hour TWA = 1000 ppm (2).
Seec Related Reference 52 for additional information.

DOT Classification:

Nonflammable gas; DOT shipping name monobromotrifluoromethane
(44).
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EPA RCRA S

tatus

None.

FDA Status:

None.

TSCA Inven

tory:

Yes.

TOXICITY

A. Acut

1.

Oral

e Not applicable.
Skin and Eyes

e Liquid Halon 1301 may freeze the skin (frostbite) on

3.

contact.

protective clothing and eye protection (3).

Inhalation

a) Animal Studies

Such contact should be avoided by wearing

Concentration Duration of Animal Refer-
(ppm ) Exposure Species Effect(s) ence
850,000 2 hours Mice Lethal 4
Guinea pigs
832,000 15 minutes Rats Lethal 5
800,000 4 hours Rats 3/70 deaths 40
800,000 2 hours Rats No deaths 4
Rabbits Toxic effects:
Mice drowsiness,
tremors,
Guinea pigs ataxia and
convulsions




Concentration Duration of Animal Refer-
(ppm) Exposure Species Effect(s) ence
800,000 30 minutes Rats, Mice Lethal 10
770,000 1 hour Rats No deaths 6
600,000 2 hours Mice, Rats, No deaths 4
Guinea Pigs, Hypoactivity
Rabbits Slow and deep
respiration
560,000 1l hour Rats No deaths 6
500,000 2 hours Rats, Mice, Slight initial 4
Guinea Pigs, CNS, depression
Rabbits Normal behavior
thercafter
500,000 26 minutes Rats Drowsiness 7
400,000 2 hours Mice, Rats, No effect 4
Guinea Pigs,
Rabbits
370,000 7 hours Cats Lethal (1/1) : 8
Guinea Pigs Lethal (6/6)
Mice Survived
Rats Survived
Rabbits Survived
370,000 7 hours Guinea Pigs. No deaths 11
360,000 3.5 hours Cats Survived 8
' Guineca Pigs Lethal (5/6)
Mice Survived
Rats Survived
Rabbits Survived
360,000 1.33 hours Cats Survived 8
Guinea Pigs Survived
Mice Survived
Rats Survived
Rabbits Survived
300,000 2 hours Mice, Rats No effect 4
Guinea Pigs
Rabbits




Concentration Duration of Animal Refer-
(ppm) Exposure Species Effect(s) ence
300,000 40 minutes  Rats No effect 40
Pathology
normal
200,000 2 hours Monkeys Glassy eyes (1/2) 40
Rabbits Restlessness (4/4)
Guinea Pigs Lacrimation (1/6)
Rats Restlessness (10/10)
Normal recovery -
200,000 2 hours Guinea Pigs No effect 9
Normal Pathology
200,000 2 hours Rats No effects 40
Normal Pathology
180,000 7 hours Rabbits Lethal (1/4) 8
Cats Survived
Mice Survived
Rats Survived
Guinea Pigs Survived
150,000 2 hours Monkeys Glassy eyes (1/2) 40
Rabbits No effect
Guinea Pigs No effect
Rats No effect
90;000 7 hours Cats, Mice No effect 8
Rats, Rabbits,
Guinea Pigs
46,000~-50,000 2 hours Guinea Pigs No effect 9
44,000 2 hours Guinea Pigs No effect 8
24,000-28,000 2 hours Guinea Pigs No effect 9
9,000-13,000 2 hours Guinea Pigs No effect 9

Pathological examination of animals killed by Halon
1301 exposure revecaled edema and hemorrhage in the
lungs, severe pneumonitis and tracheitis and
congestion of the liver, spleen and kidneys. No
cellular changes were seen in these organs (S5).
Examination of other animals which survived Halon
1301 exposures failed to reveal any significant

changes (40 ).
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e Hematological examination of the monkeys exposed to
10 oxr 20% Balon 1301 failed to reveal any
significant changes (40 ). )

@ Seven monkeys trained on continuous and discrete
avoidance performance tasks were exposed to Halon
1301 concentrations ranging from 10.5 to 42%.
Significant performance decrements were observed in
all monkeys during 20-25% exposures. Higher
concentrations resulted in impaired performance to
the point of complete disruption of operant behavior
in some monkeys. No visible signs of CNS depression
or analgesia accompanied this loss of ability to
perform conditioned performance tasks (12).

® See Related References 45, 47, 49 and S0 for more
information.

b) Human Exposures

Concentration Duration of
(percent) Exposure Effect(s) Reference

15 1l minute Severe dizziness and 13
marked paresthesia.
Increased heart rate -
and T-wave depression
(EKG). Recovery was
rapid and complete
within 5 minutes.

12 1l minute Severe dizziness and 13
mild paresthesia in
1/2 subjects. T-wave
depression and in-
creased heart rate.

10 1l minute No effect for the first 13
30 second followed by
slight dizziness and
paresthesia (1/2).
Heart rate increased
and T-wave was depressed
in 1/2 subjects.

10 3-3.5 minutes Light headedness increas- 40
ing to near unconscious-
ness. Slight disturb-
ance tests (balance and
reaction time). No EKG
changes were obsecrved.
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10

20 minutes

)

2 minutes

3 minutes

3 minutes

3-3.5 minutes

3 minutes

3-3.5 minutes

20 minutes

Euphoria (2/6) 14
Light-headedness (3/6)
Paresthesia (1/6)
Tinnitus (1/6)

Slight to moderate eye/

nose irritation (2/6)
Pulmonary discomfort (2/6)

After 1 minute of cxposure 13
dizziness was felt which
increased in intensity.
Increased heart rate, no

EKG changes.

Exposure was during flight 16
at 51000-201000 feet.

No adverse subjective
biomedical or EKG effects
were reported.

Dizziness, faintness and 15
drowsiness (6/8). Dif-
ferent altitudes had no
effect on subjective
symptoms. No compound-
related EKG changes. -

Light-headedness. No 40
EKG changes.

Slight paresthesia, 13
dizziness. No EKG

changes. Increased

heart rate.

No effects observed. 40
EKGs normal.

Euphoria (2/4) 14
Light headedness (2/4)
Pressure in the ears

(1/4) or in the

head (1/4)
Slight eye and nose
irritation (1/4)
Slight pulmonary

discomfort (1/4)



3 minutes Dizziness, faintness 15
‘ and drowsiness (3/8).
Changes in altitude had
no effect on symptonms.
No compound-related EKG
changes.

3 minutes Exposure was during 16
flight at 5,000-20,000
feet. No adverse
subjective biomedical
or EKG effects were
reported.

3=-3.5 minutes No effects observed. 40
EKGs normal.

3=3.5 minutes No effects observed 40
EKGs normal.

Ten volunteers were exposed to inhalation of CBrF3
from an anesthesia machine. These experiments
consisted of a series of relatively short exposures
to different concentrations of CBrF.,. Heart rate,
blood pressure and electrocardiograahic tracings
were monitored. Cardiac arrhythmias were not
observed to develop during exposure of 5 subjects
for a total of 10 to 17 minutes to 4-6.7% nor during
the additional exposures of 5 subjects to 7-9.6% for
S to 7 minutes. These subjects reported reactions
including dizziness, tingling of extremities,
light-headedness and a fear of imminent loss of
consciousness. Five subjects were exposed to
8.2-15.7% for total exposure times of 10-3l1 minutes.
Only one of these subjects developed a serious
cardiac arrhythmia. The subjective sensations which
were reported to have developed during these serial
exposures to CBrF3 were on the central nervous
system. These sensations ranged from an increased
awareness of sound, visual disturbances (e.qg.
flashing before eyes), tingling of extremeties and
numbness of body to the sensation of the room
rocking back and forth or spinning, drowsiness, and
the fear of impending unconsciousness (14).

Three volunteers, one visually handicapped, were
exposed to 0.1, 4.3, 4.5 and 7.1% of Halon 1301 for
up to 30 minutes. The subjects' health and feelings
were monitored before, during, and up to 2 hours
after exposure. Included before each exposure were




a complete physical examination (blood pressure,
body temperature, electrocardiogram [ECG], pulmonary
function, urinalysis, clinical blood chemistry &
symptoms) and mood evaluation. During and after
each exposure, the subjects performed various tasks
to measure effects of exposure on eye-hand
coordination, short-term memory, reaction time,
depth perception, balance, ability to walk on a
treadmill, write, and speak. Finally, spontaneous
electroencephalograms (EEGs) were made immediately
after exposure on each subject. At 0.l1% Halon 1301,
no significant deviations from normal were detected
in any of the subjects. At 4.3 and 4.5%, subjects
experienced sensations of light-headedness,
dizziness, and euphoria 2 minutes into exposure. At
9 minutes into exposure at 4.5%, only the visually
handicapped subject showed signs of imparied
balance; at 30 minutes after exposure, his response
was normal. A second subject showed mild impairment
in balance at 30 minutes. At 7.1%, one subject
showed mild changes in tests of balance during
exposure, while the visually handicapped subject
performed unsatisfactorily in the balance and
eye-hand coordination tests. Sensations of
light-headedness, dizziness, and euphoria also were
noted, persisting up to 60 minutes after exposure.
Analysis of ECG tracings did not show any
abnormalities caused by the exposures. One of the
subjects showed slight changes in brain wave
activity (EEG) at 7.1%, with a pattern
representative of slight anesthesia. All untoward
physiological and subjective responses were
reversible shortly after exposure. Results of the
other health tests were within normal limits (40 )

B. Extended Inhalation Studies

® A single cat survived two 7-hour exposures to 18%

Balon 1301. Guinea pigs exposed to the same
concentration died after 2 exposures as did 1/4
rabbits. All of the 10 rats and 10 mice similarly
exposed survived. Five 7-hour exposures to 8.72%
killed 4/6 guinea pigs. Mice, rats, cats and
rabbits were not killed except for 2 natural deaths.
Pive 7-hour exposures to 4.44% was responsible for
the death of 1/10 mice, but no other deaths were
attributable to the Balon 1301 exposure. Dogs
exposed to either 9 or 18% for 7 hours on each of 2
consecutive days developed no signs of intoxication.
Acute hemorrhagic pneumonitis and degeneration of
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the liver and kidneys were found among animals that
died as the result of exposure (8).

Exposure of groups of 3 rats, 3 guinea pigs, 1 dog
and 3 cats to 20~60% Halon 1301 for up to 70 hours
did not produce symptoms of toxicity (17).

A group of 20 rats and 20 guinea pigs was exposed to
S.1% Halon 1301 continuously for 10 days. No toxic
effects or pathologic or histopathologic changes
were observed. Hematologic determinations also
failed to reveal any adverse compound-related
changes (6).

A group of 20 mice, 10 rats and 10 guinea pigs was
exposed to 50% of Halon 1301 in air, 2 hours daily
f:§ 15 days. No significant effects were observed

Rats were exposed to 5% of HBalon 1301, 23 hours
daily for 30 days. Studies of blood did not reveal
any accumulation of Halon 130l. There was no
elevation in the rate of excretion of fluoride ion
in the urine. No gross pathological changes were
found (18).

Rats and dogs were exposed to 2.3% of Halon 1301 in
air for 6 hours daily, 5 days per week for up to 18
weeks. At no time did the animals show any signs of
intoxication. Upon autopsy the animals showed no
evidence of pulmonary edema or necrosis as had been
seen in acute lethal studies. There was a moderate
diffuse congestion of the entire respiratory tract
but no other significant changes. All other organs
appeared normal (19).

1301 Blood Levels

Beagle dogs with cannulas surgically implanted in
the common carotid artery and external jugular vein
were exposed to 5%, 7.5%, and 108 Balon 1301 for 60
minutes. Blood samples were withdrawn from the
cannulas before, during, and after exposure and
analyzed for the Halon 1301 concentration. Blood
levels of Halon 1301 increased rapidly during the
first ten minutes of exposure, plateaued within
twenty minutes, and declined rapidly after exposure.
The mean blood concentrations'at equilibrium were
directly proportional to inspired levels: at an
inspired concentration of 5% - arterial 19.2 ug/mL,




venous l14.6 ug/mL; at an inspired concentration of
7.5% - arterial 30.6 ug/mL, venous 28.4 ug; and at
an insplred concentration of 10% - arterial 40.2
ug/mL, venous 32.1 ug/mL. During exposure arterial
concentration was greater than venous concentration,
but after exposure the venous concentration slightly
exceeded the arterial concentration (40 , 41).

Anesthetized rats were exposed to 5% of Halon 1301
for 30 minutes and blood levels of Halon 1301
determined. The following blood levels were found
at the indicated post-exposure times:

Time Level
0 5.6 ug/g
15 minutes 0.62 ug/g
1l hour 0.35 ug/g
2 hour 0.05 ug/g
4 hour 0.07 ug/g (18)

Groups of 15 rats were exposed for 1-5 minutes to .
708 Balon 1301. Rats were removed at various times
for collection of brain tissue, heart and
intracardiac blood samples. During the first
minutes of exposure, the Halon 1301 concentration in
the brain and heart rose rapidly. Following the end
of exposure, the concentrations in brain and heart
fell rapidly. The Halon 1301 concentrations in the
samples of intracardiac blood were similar to those
of the hearts obtained at the corresponding time

" intervals (20).

Cardiac Studies

a) Cardiac Arrhythmias

It has been known for some time that inhalation of
vapors from certain organic materials, which include
such compounds as carbon tetrachloride and gasoline,
can make the heart muscle abnormally reactive to
elevated adrenalin levels with resulting cardiac
arrhythmias. These arrhythmias are frequently
ventricular in origin and may result in sudden
death. This phenomenon is commonly referred to as
cardiac sensitization. Since Halon 1301 is used as
a fire extinguishing agent and fire is a
life-threatening emergency which can be expected to
result in high circulating levels of adrenalin in
persons attempting to extinguish the fire or those
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whose escape may be blocked, several investigators
have ,studied the effects of adrenalin plus Halon
1301 exposure on the cardiovascular system.

e ECS50* (dogs) = 200,000 ppm (23)..

e Development of spontaneous cardiac arrhythmias were
not observed in the electrocardiographic tracings
obtained during exposure of 1 dog to 10% (100,000
ppm) CBrF3 for 20 minutes, exposure of 4 dogs to 20%
(200,000 ppm) for 15 minutes, and exposure of 5 dogs
to 308 (300,000 ppm) for 15 minutes. Salivation and
whole body trembling occurred during exposures to
30% and to a lesser extent during exposures to 20%.
Weakness and inability to stand was reported only
for those dogs exposed to 20%. Recovery following
exposure to 30% occurred within l-2 minutes after
exposure was ended. The author does not report
whether the CBrF. was mixed with air or with oxygen.
Cardiac sensitization to intravenously injected
epinephrine during S-minute exposures to 108% or to
20% CBrF., was evidenced by increases in the number
of ectopic beats in 2/2 exposed to 10% and in 1/2
exposed to 20% and by ventricular tachycardia in 1/2
exposed to 20% (13).

e Dogs were exposed to 5, 7.5 and 10% of Balon 1301
for 30-60 minutes. The test animals received an
injection of epinephrine both before and after the
exposure. None of the dogs exposed to 5.0%
developed cardiac arrhythmias. Two of 12 dogs
exposed to 7.5% showed a marked response after a
30-minute exposure. Following a 30-minute exposure
to 108 Halon 1301 there was one definite and one
questionable response in 12 dogs (40 ).

e A dog was exposed to 108 Halon 1301 for a few
minutes following an injection of epinephrine. A
challenge injection followed the exposure. Some
effect on the heart was seen (40 ).

e Halon 1301 4id not cause cardiac sensitization of
the beagle heart below a concentration of 10% in air
(40 ). Further experimentation showed that the
minimum effect level is closer to 7.5% than 10%

(40 ).

EC50 is the concentration causing cardiac arrhythmias in 50%
of the animals. Exposure was for 5 minutes followed by an
exogenous dose of epinephrine.
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Groups of 8 dogs were exposed to 10, 20 or 40% Halon
1301 in air. Exposure times were 15, 27 and 55
minutes, respectively. During exposure the chambers
were darkened and the dogs subject for S minutes to
fright-inducing stimuli. Those dogs exposed to 10%
Halon 1301 demonstrated increascd alertness, those
exposed to 20% developed tremors without increased
alertness and those exposed to 40% howled, salivated
and developed dyspnea and tremors (1l4).

Spontaneous cardiac arrhythmias developed within 1-3
minutes of exposure to 40% Halon 130l1. Arrhythmias
could be produced in those animals not developing
spontaneous arrhythmias by the intravenous injection
of a pressor dose of epinephrine. Larger doses
caused ventricular fibrillation with cardiac arrest
in dogs and, commonly, spontaneous defibrillation in
monkeys (21).

Anesthetized guinea pigs, cats and dogs were exposed
to 20% Halon 1301. This exposure increased the
arrhythmogenic effect of i.v. infusion of
epinephrine (24).

Pive anesthetized monkeys were exposed,
successively, for 10 minutes each, to 10-80% Halon
1301. spontaneous ventricular arrhythmias developed
during the first 5 minutes of exposure to 30% and
higher. Cardiac arrhythmias spontaneously appearing
in monkeys exposed to CBrF., required a minimal blood
pressure threshold for thegr production. The blood
pressure threshold varied as an inverse function of
the log of the CBrF, concentration to which monkeys
in acid-base balancg were exposed. Acidosis
decreased the threshold and alkalosis increased the
threshold at concentrations of 10 and 20% CBrF3 but
were without effect at 30% or greater
concentrations. Epinephrine decreased the blood
pressure threshold required to trigger arrhythmias
but was not necessary for their production as it is
in the case of cyclopropane (25).

No significant difference in the percentage of
marked responses was seen when dogs with myocardial
infractions were used instead of healthly dogs (40 ,
42).
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Groups of rats were exposed to one of the following
conditions: :

1) simulated altitude with added Halon 1301 (27
rats);

2) simulated altitude without Balon 1301 (9 rats):

3) simulated altitude with added Halon 1301 and
injected epinephrine (27 rats);

4) gsimulated altitude without Halon 1301 but with
injected epinephrine (9 rats).

No rats died during any chamber exposure. Three
animals developed cardiac arrhythmias during
inhalation of Halon 130l1. One rat breathing 24
percent Halon 1301 at a simulated altitude of 5,000
feet, and one exposed to 16 percent CBrF3 at 389 mm
Hg, developed premature atrial contractions about
one minute after the Halon 1301 was admitted to the
chamber. Indications of bundle branch blocks
appeared as the exposure continued. In both cases,
these changes disappeared when the CBrF.-air mixture
was replaced with room air during the caamber
descents. Premature atrial contractions were also
noted in the electrocardiogram of one rat breathing
24 percent Halon 1301 at 632 mm Hg. This animal had
received an epinephrine injection before the
exposure. Normal EKG tracings reappeared when the
rat was returned to ambient conditions. No other
prolonged cardiac arrhythmias were noted on the
electrocardiograms from any other rats..
Bistological examination of the lungs from rats
sacrificed immediately after exposure showed no
pathologic changes which could be directly related
to breathing Halon 1301 or exposure to hypobaric
conditions. In this experiment epinephrine was
administered intramuscularly to rats rather than the
usual intravenous route. The use of i.m.
administration would be expected to produce much
lower blood levels of epinephrine than i.v.
injection. The observation of only 1/27 premature
atrial contractions after exposure to 24% Halon 1301
at 632 mm Hg may reflect the low dose of epinephrine
rather than any species different (22).

Rats were subjected to 79% Halon 1301 plus 21%

oxygen and challenged with subtoxic doses of
epinephrine. CNS effects were the major
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observations in rats, 17/20 showed respiratory
arrest within 40 minutes and several exhibited
erratic convulsive behavior prior to exhibiting
respiratory difficulties (26). '

b) Heart Rate And Blood Pressure

Inhalation of 80% Halon 1301 caused blood pressure
falls in many cases and a marked elevated diastolic
pressure in rhesus monkeys. Inhalation of 70
percent Halon 1301 triggered cardiac arrhythmias.
These arrhythmias were dependent on the maintenance
of a minimum blood pressure. Halon 1301 (80%)
inhalation in dogs which had undergone a left lumbar
sympathectomy caused a large increase in right
femoral artery blood flow. Concurrently, mean
arterial blood pressure, peak systolic blood
pressure fell while left ventricular and diastolic
pressure rose (27).

Dogs were exposed to 50 and 75% Halon 1301 for
l0-minute periods. Recordings were made and
arterial and coronary sinus blood samples were
obtained before, during and after the exposures. A
small decrease in the vigor of myocardial
contraction, decreases in vasoconstrictor tone.and
mean arterial blood pressure, an increase in aortic
blood flow, an increase in myocardial lactate
utilization and a decrease in myocardial oxygen
consumption were observed as functions of the Halon
1301 concentration. Conclusions were than under the
conditions of this experiment (1), a decrease in
pressure~-volume work done by the left ventricular
myocardium during Halon 1301 exposure resulted in a
decrease in myocardial oxygen consumption; (2)
myocardial metabolism was little affected; and (3)
decreaged peripheral vascular flow resistance was
accompanied by increased cardiac output (28).

To investigate the effect of Halon 1301 on blood
pressure 10 anesthetized dogs were exposed to air or
708 Balon 1301 for S0 minutes. The blood pressure
of the treated dogs was significantly lower than
pre- and postexposure levels and also lower than for
air treated controls. No significant differences
were seen for cardiac output. Heart rate was
significantly lower (29).

Halon 1301 was administered to dogs and the
following parameters recorded: pulmonary




resistance, pulmonary compliance, respiratory minute
volume, heart rate and aortic blood pressure. Halon
1301 was shown to produce an increase in pulmonary
‘resistance a decrease in compliance an. increase in
respiratory minute volume, very little effect on
heart rate even at concentrations up to 20%, and a
mild hypertensive effect (4% increase at 20%
concentration). Heart-lung experiments in
surgically prepared dogs showed little change in
myocardial contraction even at high concentrations.
Experiments with rats showed Halon 1301 capable of
producing apnea with atrioventricular conduction
blocks occurring during this period of apnea. Halon
1301 also produced a rise in Pulmonary resistance
and fall in compliance as it did in the dog
experiments (40 ).

Exposure of dogs and monkeys to 10-80% of Halon 1301
caused cardiovascular and CNS effects which
increased in severity with increasing concentration.
An initial fall in blood pressure of 10-20 mm Hg at
the lower concentrations and 40-60 mm Hg at the
higher concentrations was observed. Epileptiform
convulsions were seen in about. 50% of the dogs
exposed to 50-80% Halon 1301 while conscious.
Conscious monkeys, on the other hand, became
lethargic, and no convulsions were seen (21). °

The mechanism of the decrease in mean arterial blood
pressure in the dog during Halon 1301 exposure was a
decrease vasomotor tone resulting from ganglionic
blockade. No direct vascular smooth muscle effect
of CBrF, was observed. When arterial blood from one
dog was perfused through the hind leg at constant
flow rate through a hind limb of another dog,
exposure of the donor to 67-70% CBrF. was
accompanied by a reversible decrease”in the donor's
mean arterial blood pressure, but the perfusion
pressure was unaltered (30).

When anesthetized dogs were exposed to Halon 1301
the animals myocardial contractility decreased
inversely with the concentration of Balon 1301 (31).

Balon 1301 significantly decreased total peripheral
resistance and myocardial contractility in
anesthetized open-chested dogs and monkeys resulting
in a reversible hypotension during exposure (32).




Groups of dogs were exposed to 27-75% Halon 1301 in
oxygen or 27-75% mixture of O and N Exposure to
Halon' 1301 may result in dzsturbanceg of myocardial
energy metabolism that are connected to myocardial
performance. The exposure resulted in a progressive
rise of plasma glucose concentrations that persisted
for at least 30 minutes post exposure (33).

Exposure of dogs to 27, S51 or 75% Halon 1301
produced no myocardial tissue hypoxia, slight
metabolic acidosis, normal pyruvate, lactate, and
coronary sinus blood glucose, decreased mean
arterial blood pressure and myocardial contraction
strength and elevated arterial blood glucose (34).

Twelve anesthetized cats were subjected under
"hyperbarbic conditions to S5-minute inhalation of S%
Halon 1301. This exposure was associated with:

l) Cardiac arrhythmias in 10/12 cats;

2) Pall in systolic blood pressure (average
decrease -18.4 mm Hg) in 10/10 cats and a fall
in diastolic pressure (average decrease - 19 mm
Hg) in 9/10 cats (3S).

A anesthetized cat was exposed to 80% Halon 1301 and
208 oxygen. This exposure did not materially modify
the physiologic equilibrium of the cat. The
following changes were observed:

® Slight activation of respiration;

e Decreased arterial blood pressure (1l mm Hg):;

@ Slight decrease in oxygen consumption;

e CNS depression (hypnotic). (4)

Anesthetized dogs and monkeys were exposed to 70 or
80% of Halon 1301 and EEGs recorded. The most
significant findings were (1) dominance of the EEGs
by 6-9 Hz waves beginning 2-3 minutes after
beginning exposure to CBrF, and (2) a nearly normal
susceptibility of the EEG ao activation by auditory
and photic stimuli during exposure to CBrF..

Several lines of evidence were explored which
suggested that the central nervous system effects of
CBrF., may be the result of the induction of
funcéional changes at the rhinencephalic level (36).
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To determine if the negative inotropic effect of
Halon 1301 was accompanied by altered myocardial
metabolism, urethane anesthetized-guinea pigs were
exposed for 30 minutes and myocardial ATP, ADP, AMP
and creatine phosphate levels were determined. A
concentration of 75% Halon 1301, produced a 34%
decrease in contractibility. Blood levels
stabilized within 2.5 minutes. ‘Blood pressure and
heart rate were decreased. High energy phosphate
levels were not altered in a fashion commensurate
with the theory that a block in energy metabolism
was responsible for the production of the induced
negative inotropic effect (43).

See Related References 46, 48 and 51 for more
information.

C. Carcinogenic Potential

No evidence of a carcinogenic potential has been
found. However, the longest study conducted was an
l18-week inhalation study (19).

D. Mutagenic Potential

Halon 1301 was tested in Salmonella typhimurium
strains TA 1535, TA 1537, TA 1538, TA 98 and TA 100
at levels up to 408%. The gas was not mutagenic
either in the presence or absence of a liver
microsomal system (40 ).

E. Embryotoxic Potential

Groups of 27 pregnant rats were exposed 6 hours a
day on days 6-15 of gestation to 962 + 57, 10,196 +
1514 or 49,505 + 4753 ppm of Halon 1301. No
compound-related clinical signs of toxicity or
changes in behavior were noted. The outcome of
pregnancy, measured by the number of implantation
sites, resorptions and live fetuses, were not
adversely affected by the exposure. Exposure did
not affect embryonal development as measured by
weight and crown-rump length of the fetuses. Three
fetuses were found with malformations. All three
were from dams exposed at the intermediate level,
however, these effects were not considered
compound-related. Under the conditions of this
test, Halon 1301 was not embryotoxic or teratogenic
(40 ).
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Other Reproduction Studies

e None.'
G. Agquatic
® None.
H. HBHuman Exposure
® See Section A.2.b. for details of controlled
inhalation experiments in human volunteers.
I. Epidemilogy
e No information available.
J. Metabolism
® See Related References 53-55.
K. Pyrolysis Studies

Halon 1301 decomposes upon contact with flames or
hot surfaces above 1000°F. While this action
appears necessary for the product to function .
effectively as a fire extinguishing agent, it also
results in the formation of several new compounds
whose properties are considerably different from
HBalon 130l1. The common decomposition products of
Halon 1301 are: HF, HBr, Br,, carbonyl halides,
consisting of carbonyl fluoride (COPZ) and

carbonyl bromide (COBr.,). The quantities of these
materials in the post-gxtinguishment atmosphere
depend upon several factors, such as the size of the
fire, type of fuel, enclosure size, degree of
ventilation, and rapidity of flame extinguishment.
In practical fire tests, the predominant
decomposition products are HF and HBr. Free bromine
and carbonyl halides have not been detected in
significant quantities and post-extinguishment
atmospheres. _

ALC (15-minute exposure, rats) = 14,000 ppm (5).

The toxicity of pyrolyzed Halon 1301 appears to be
due to the HF formed. The lS-minute LCS0 for BF is
2700 ppm. At the LCS50 determined for pyrolyzed
Ha%on 1301 (2300 ppm), 2480 ppm of HF is formed.
(37)
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The passage of Halon 1301 through an Inconel tube
heated to 482°C did not result in any detectable
decomposition of the compound, nor did the exposure
of the animals to the effluent material result in
any deviation in the mortality rates seen with
undecomposed material. When the tube is heated to
593°C, some decomposition of the compound and an
increase in mortality was scen. The incidence of
mortality was dependent on the Halon 1301
concentration. Mild degrees of pneumonities were
found in all exposed species, except rats, which
were exposed to 482°C fumes. Acute chemical
pneumonitis and degeneration of the liver, kidneys
and brain were found in all species exposed to fumes
generated at temperatures greater than 482°C (8).

Deaths as the result of inhalation of pyrolysis
products of Halon 1301 characteristically resulted
from pulmonary hemorrhage and edema. The l5-minute
LCSO value for pyrolyzed Halon 1301 calculated from
these experiments was 2300 ppm. The patholeogic
response and delayed death patterns are similar to
those seen from HF (38).

Groups of animals were exposed for 30 minutes to
atmospheres containing the pyrolysis products of
Halon 1301. None of the animals died after being
exposed at concentrations up to 80% of 800°C
pyrolysis products. Signs of toxicity included
dyspnea and prostration. When exposed to vapor
products at 1000°C, all of the animals were killed
at concentrations greater than 1l%. At 0.75%
approximately 20% of the exposed rats and 90% of the
mnice were killed. At 0.5%, none of the rats and 50%
of the mice died (4). ‘

When Halon 1301 is applied to ordinary fires such as
gasoline or wood, the resulting decomposition
products may include BF, HBr, carbonyl halides and
in some cases free bromine in concentrations
depending on the guantity used. When applied in
quantities of 2.3 pounds in a 720 cubic foot room
for durations of the order of 5 to 30 minutes Halon
1301 caused some injury to guinea pigs, but was not
lethal (9).

With the exception of initial excitement, no
symptoms indicative of a toxic action were observed
during exposure of 20 mice and 40 rats to 1.07%
Balon 1301 in air for 15 minutes. Very few deaths
occurred during gasoline fires, however, the trachea
and lungs were found to be congested (39).
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